The advanced combined theoretical approach to vibrational structure in photoelectron spectra of diatomic molecules, which is based on the density functional theory (DFT) and the Green's-functions approach, is used for quantitative treating the diatomic photoelectron spectra. The density of states, which describe the vibrational structure in photoelectron spectra, is defined with the use of combined DFT-Green's-functions approach and is well approximated by using only the first order coupling constants in the one-particle approximation. Using the DFT theory leads to significant simplification of the calculation.
Introduction
The Green's method is very well known in a quantum theory of field, quantum theory of solids. Naturally, an attractive idea was to use it in the molecular theory. Regarding a problem of description of the vibrational structure in photoelectron spectra of molecules, it is easily understand that this approach has great perspective (c.f. ). One could note that the experimental photoelectron (PE) spectra usually show a pronounced vibrational structure. Usually the electronic Green's function is defined for fixed position of the nuclei. As result, only vertical ionization potentials (V.I.P.'s) can be calculated [11, 2, 11, 12] . The cited method, however, requires as input data the geometries, frequencies, and potential functions of the initial and final states. Since in most cases at least a part of these data are unavailable, the calculations have been carried out with the objective of determining the missing data by comparison with experiment. Naturally, the Franck-Condon factors are functions of the derivatives of the difference between the potential curves of the initial and final states with respect to the normal coordinates. To avoid the difficulty and to gain additional information about the ionization process, the Green's functions approach has been extended to include the vibrational effects in the photoelectron spectra. Nevertheless, there are well known great difficulties of the correct interpretation of the photoelectron spectra for any molecules.
Here we present the advanced combined theoretical approach to vibrational structure in photoelectron spectra of diatomic molecules and use it for effective quantitative treating the diatomics photoelectron spectra. The advanced approach is based on the Green's function method (Cederbaum-Domske version) [11, 12] , Fermi-liquid DFT formalism [1] [2] [3] [4] [5] [6] [7] [8] and use of the novel effective density functionals (see also [13] [14] [15] [16] ). As usually (see Refs. [2, 4, 11] ), the density of states, which describe the vibrational structure in molecular photoelectron spectra, is calculated with the help of combined DFTGreen's-functions approach. In addition to exact solution of one-bode problem different approaches to calculate reorganization and many-body effects are presented. The density of states is well approximated by using only the first order coupling constants in the oneparticle approximation. It is important that the calculational procedure is significantly simplified with using the quasiparticle DFT formalism. Thus quite simple method becomes a powerful tool in interpreting the vibrational structure of photoelectron spectra for different molecular systems.
Method: Density of states in one-body and many-body solution
As usually (see details in refs. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] ), the quantity which contains the information about the ionization potentials (I.P.) and molecular vibrational structure due to quick ionization is the density of occupied states:
where 〉 Y 0 is the exact ground state wave function of the reference molecule and ) (t a k is an electron destruction operator, both in the Heisenberg picture. For particle attachment the quantity of interest is the density of unoccupied states:
Usually in order to calculate the value (1) states for photon absorption one should express the Hamiltonian of the molecule in the second quantization formalism. The Hamiltonian is as follows:
where Ε T and Ν T are the kinetic energy operators for electrons and nuclei, and U represents the interaction; Ε Ε U represents the Coulomb interaction between electrons, etc; x (X) denotes electron (nuclear) coordinates. As usually, introducing a field operator
with the Hartree-Fock (HF) one-particle functions
are the one-particle HF energies and f denotes the set of orbitals occupied in the HF ground state; R 0 is the equilibrium geometry on the HF level) and dimensionless normal coordinates Q s one can write the standard Hamiltonian as follows [2, 11] : 
The interpretation of the above Hamiltonian and an exact solution of the one-body HF problem is given in refs. [1, 2, 11, 12] . The HF-single-particle formalism.
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Correspondingly in the one-particle picture the density of occupied states is given by , 0 0 2 
is as follows:
where d function in (12) naturally contains the information about adiabatic ionization potential and the spacing of the vibrational peaks;
is the well-known Franck-Condon factor. In a diagrammatic method to get function
and the function ) (º N k can be found from the relation
Choosing the unperturbed Hamiltonian 0 H to be
one finds the GF. In the known approximation GF is as follows:
The 
denotes the k-th eigenvalue of the dia gonal matrix of the one-particle energies added to matrix of the self-energy part, are the negative V. I. P. 's for a given geometry. One can write [2, 11, 12] :
Expanding the ionic energy 1 − N k E about the equilibrium geometry of the reference molecule in a power series of the normal coordinates of this molecule leads to a set of linear equations in the unknown normal coordinate shifts δQ S , and new coupling constants are then:
The coupling constants l g and l l y ′ are calculated by the well-known perturbation expansion of the (19) and the coupling constant g l , are written as (20) It is suitable to use further the pole strength of the corresponding GF:
Below we give the DFT definition of the pole strength corresponding to V. I. P.'s and confirm the earlier data [11] [12] [13] [14] [15] : p k ≈0, 95 . The coupling constant is:
Fermi-liquid quasiparticle density functional theory
Further we consider the quasiparticle Fermiliquid version of the DFT, following to refs. [1] [2] [3] 8, 17] . The master equations can be obtained on the basis of variational principle, if we start from a Lagrangian of a molecule L q . It should be defined as a functional of quasiparticle densities:
The densities ν 0 and ν 1 are similar to the HF electron density and kinetical energy density correspondingly; the density ν 2 has no an analog in the HF or DFT theory and appears as result of account for the energy dependence of the mass operator S. A Lagrangian L q can be written as a sum of a free Lagrangian and Lagrangian of interaction:
, where a free Lagrangian L q 0 has a standard form:
The interaction Lagrangian is defined in the form, which is characteristic for a standard DFT (as a sum of the Coulomb and exchange-correlation terms), however, it takes into account for the energy dependence of a mass operator S : 
In the local density approximation the potential F can be expressed through the exchange-correlation pseudopotential V xc as follows: (27) Further, one can get the following expressions for
:, in particular: (25) where ik β are some constants (look below), F is an effective potential of the exchangecorrelation interaction. The Coulomb interaction part K L looks as follows:
where Σ 2 =∂Σ/∂ε. In the local density approximation the potential F can be expressed through the exchange-correlation pseudo-potential V xc as follows: The terms [2, 17] . In method e correspondi Green's fun approach c DFT correl Parr (LYP)
3.
As illustra molecule combined quasiparticl molecule h many pape have been method of G pole streng values q k (25) where ik β are some constants (look below), F is an effective potential of the exchangecorrelation interaction. The Coulomb interaction part K L looks as follows:
where Σ 2 =∂Σ/∂ε. In the local density approximation the potential F can be expressed through the exchange-correlation pseudo-potential V xc as follows: 
where Σ 2 =∂Σ/∂ε. In the local density approximation the potential F can be expressed through the exchange-correlation pseudo-potential V xc as follows: remember its connection with a spectr factor F sp of the system [18] :
The terms ε ∂ ∂ ∑ / and ∑ 2 is directly [2, 17] . In the terms of the Green f method expression (7) is in corresponding to the pole strength Green's function [2] . The new eleme approach can be connected with us DFT correlation functional of the Lee Parr (LYP) (look details in ref. [13] [14] [15] [16] 
Results and conclusions
As illustration, we choose the d molecule of N 2 for application combined Green's function meth quasiparticle DFT approach. The n molecule has been naturally discu many papers. The valence V. I. P. ' have been calculated [1, 13, 14, 24] method of Green's functions and there pole strengths p k are known and th values q k can be estimated. It sho (25) where ik β are some constants (look below), F is an effective potential of the exchangecorrelation interaction. The Coulomb interaction part K L looks as follows:
where Σ 2 =∂Σ/∂ε. In the local density approximation the potential F can be expressed through the exchange-correlation pseudo-potential V xc as follows: [2, 17] . In the terms method expression corresponding to the Green's function [2] . approach can be con DFT correlation func Parr (LYP) (look deta (19) and the coupling constant g l , are written as (20) It is suitable to use further the pole strength of the corresponding GF:
Results an
The densities ν 0 and ν 1 are similar to the HF electron density and kinetical energy density correspondingly; the density ν 2 has no an analog in the HF or DFT theory and appears as result of account for the energy dependence of the mass operator Σ. A Lagrangian L q can be written as a sum of a free Lagrangian and Lagrangian of interaction:
where a free Lagrangian L q 0 has a standard form:
The interaction Lagrangian is defined in the form, which is characteristic for a standard DFT (as a sum of the Coulomb and exchange-correlation terms), however, it takes into account for the energy dependence of a mass operator Σ :
Here V K is the Coulomb term, ex 0 S is the exchange term. Using the known canonical relationship, one can derive the quasiparticle Hamiltonian, which is corresponding to q L .Further constants β ik should be defined. In some degree they have the same essence as the similar constants in the well-known Landau Fermi-liquid theory and the Migdal finite Fermi-systems theory. Regarding universality of β ik ,, indeed, as we know now, the total universality of the constants in the last theories is absent, though a range of its changing is quite small [2, 17] . The value of β 00 is dependent on definition of V xc . If as V xc it is used one of the DFT exchange-correlation potentials from, then without losing a community of statement, β 00 =1. The constant β 02 can be in principle calculated by analytical way, but it is very useful to remember its connection with a spectroscopic factor F sp of the system [18] :
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